The renal tubular site at which organomercurials exert their primary effect on salt absorption has been the subject of considerable dispute for many years. The fact that these drugs produced a consistent reduction in Tmglucose and TmPAH in man suggested that these agents exerted an influence within the proximal tubule (1, 2) . The absence of such changes in the dog, despite comparable diuretic activity, emphasized the hazards of such conclusions (3) . Other experimental studies indicating that distal tubular functions such as the production of ammonia and titratable acid were not influenced by the administration of mercurials, were also used to imply a primary proximal tubular effect (4) . Potassium secretion, however, which represents a late distal operation was shown to be depressed by the mercurial agents (5, 6) . In hydrated man, it was demonstrated that meralluride produced a prompt increase in the rate of excretion of "nonsolute obligated" water implying a proximal tubular effect on salt and water absorption (7, 8) . On the other hand, other observers reported that the administration of organomercurials to hydrated man and dog did not change the rate of free water clearance (9, 10) . Recently, utilizing the stop flow technique, several investigators have concluded that, in the dog, the major site of action of the organic mercurials is confined to the proximal tubule (11, 12) .
Alternatively, some investigators concluded that the distal tubule represented the site of mercurial action because the magnitude of the diuresis approximated the quantity of salt and water normally absorbed within the distal tubule (13) . Others, who observed that the rate of excretion of * Supported by a grant from the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health (Grant no. A-277). Presented in abstract form at the Fifty-Second Annual Meeting of the American Society for Clinical Investigation, May, 1960. t Public Health Service Research Fellow of the National Heart Institute. nonsolute obligated water seemed independent of the solute diuresis, also suggested a distal site of action (14) .
Recently acquired insight (15) (16) (17) (18) (19) suggests that subjects deficient in antidiuretic hormones (ADH) forming maximally dilute urine, might 1)e used to localize the site of action of an agent which alters tubular salt reabsorption. In such subjects, proximal tubular fluid remains isosmotic to plasma as the absorption of the major fraction of the filtered salt and water occurs. This absorptive process is therefore accomplished without the generation of nonsolute obligated or free water. From the tip of the loop of Henle into the collecting duct, salt is reabsorbed actively through a segment relatively impermeable to water, thereby producing free water for excretion.
The available micropuncture data suggest that the major portion of this free water is formed between the tip of the loop of Henle and the beginning of the distal convolutions (15, 16) . It is generally accepted that, as increasing quantities of salt are presented to this site, more salt may be absorbed with an increase in the excretion of free water. Contrariwise, an action inhibiting salt absorption at this site would be expected to decrease the rate of excretion of nonsolute obligated water. Whether the quantity of free water formed is appreciably reduced by the passive back diffusion of water through the impermeable distal tubule is not certain. On the basis of these considerations, it seems possible to localize the site at which an agent affects salt reabsorption by comparing the changes in the clearance of solute with those in the clearance of nonsolute obligated or free water. Accordingly, a variety of acute experiments was performed in normal, maximally hydrated man in an attempt to define more precisely the site of action of meralluride.1 1 Meralluride USP, contains 0.13 g of organic mercurial (equivalent to 39 mg of inorganic mercury) and 48 mg of theophylline per ml.
MATERIALS AND METHODS
Three separate types of studies were performed in maximally hydrated fasting males, free of renal, cardiac or vascular disease. All experimental subjects were initially hydrated by a rapid intravenous infusion of 1,000 ml of 3 per cent dextrose and an additional oral water load calculated to provide a total water load of 20 ml per kg of body weight. This initial water load was followed by an intravenous sustaining infusion of 2.5 per cent dextrose (139 mOsm per L) and 0.1 per cent sodium chloride (38.5 mOsm per L) at a constant rate of 20 ml per minute. Additional water was given by mouth when the rate of urine flow exceeded the rate of infusion. In most of the subj ects the oral load comprised but a small fraction of the total intake of water.
In the first group of experiments, two types of control studies were performed. In the first type, the technique of hydration as described above was maintained for 3 hours in four subj ects. In the second type of control experiments, after the rate of urine flow, solute and free water clearance had reached a steady state, three 15-minute control periods were obtained. Thereafter, the sustaining infusion was changed to contain one of several "nonspecific solute diuretics," 2 but the rate of infusion was maintained at 20 ml per minute. In four subjects a solution containing 3 (23) .
In the second group of experiments, 21 subj ects were initially hydrated as described in group I. After a steady state had been achieved, 3 ml of meralluride was administered intravenously over a period of 3 to 5 minutes. Thereafter, urine was collected by spontaneous voiding at 10-to 20-minute intervals for approximately 2.5 hours. Urine and plasma measurements, as described in the group I experiments, were performed.
In the third group of experiments, a nonspecific solute diuretic was administered to 10 of the 21 subjects from group II during the maximal phase of the merallurideinduced solute diuresis. The nonspecific solute diuretics were identical with those utilized in the second type of control study, and the technique of administration was the same as that described for this group of control experiments. Four subjects received the mannitol solution, one the sulfate solution, three the urea solution, and two the aminophylline solution.
Methods for the determination of plasma and urine osmolalities and inulin and electrolyte concentrations were similar to those previously described from this laboratory (24) .
The osmolal clearance (Co.m) and the clearance of free water (CH20) or nonsolute obligated water clearance were calculated from the following formulas (9) o~m =UosmV CH20 = V -CoSm where Uosm represents osmolal concentration of urine, Posm =osmolal concentration of plasma, and V is the urine flow in milliliters per minute. Throughout the remainder of the paper the terms nonsolute obligated or free water clearance will be used interchangeably with CH2O, and osmolal clearance with Cosm.
RESULTS
I. Control experiments (Table I; Figure 1 ). In Table I , one typical control experiment (A.L.) reveals that the hydrating technique used in these studies produced a relatively constant rate of solute and free water clearance with CHO and Cosm varying less than 2 and 1 ml per minute, respectively, for approximately 3 hours. In the second type of control study, the administration of mannitol, urea or sulfate produced a consistent increase in CH2O as Cosm progressively rose (Table  I ; Figure 1 ). In the four subjects receiving the mannitol solution, the increment in CH2o averaged 3.9 ml per minute coincident with an average increase in Cosm of 8.1 ml per minute. In the three subjects receiving the sulfate solution, the increase of CH2o averaged 5.6 ml per minute and that in COsm averaged 6.6 ml per minute. The increments in CH9o and Cosm averaged 3.6 and 7.4 ml per min- ute, respectively, in the three subjects to whom (Table I ; Figure 1 ). The maximal peak increurea was administered.
ment in CHO and Cosm averaged 5.8 and 2.4 ml
The administration of aminophylline produced per minute, respectively. Within 45 to 60 mina prompt but transient increase in CHO and COsm utes these abrupt changes had subsided.
II. Water load; meralluride (Tables II, III ; Figures 1, 2 and 3 ). In the 21 experiments in this group the intravenous administration of meralluride caused a two-phase response. The first phase consisted of an immediate increase in urine flow and a more modest increase in solute clearance (Table II; Figures 1A, 2 and 3) . The peak increments in V, CH2o, and Cosm which occurred 15 to 30 minutes after the administration of the drug, averaged 5.9, 4.4, and 1.5 ml per minute, respectively. Thereafter, the changes tended to subside, and within 45 to 60 minutes these parameters had returned toward control pre-injection levels.
A second, more sustained, and larger solute diuresis began approximately 60 minutes after the injection of meralluride and approached its maximum within 90 to 120 minutes (Table II these 17 experiments, the abrupt increase in CH20
noted during the first phase of meralluride response had disappeared before the second phase began. Thereafter, CHO remained constant at control levels during the three to four periods that solute clearance and urine flow were progressively increasing.
In four experiments (Table III , Subjects J.S., A.R., E.G. and T.W.; Figure 3 ) the second phase of meralluride diuresis was associated with a fall in CH20 so that, at the peak of the solute diuresis, the calculated CH2O values were distinctly lower than those recorded during the pre-injection control periods. In these four subjects, the peak increments in V and Cosm averaged 4.9 and 10.2 ml per minute, respectively, accounting for the calculated fall in CH2o. However, it appeared that in these subjects a sharp decrease in CH20 occurred toward the end of the first phase of meralluride diuresis, prior to the development of the major portion of the solute diuresis (Figure 3) 1B and 4). In 10 of the 21 experiments described in section II above, a nonspecific solute diuretic was administered during the sustained phase of meralluride diuresis, after solute clearance had increased markedly and CH2O was stabilized at or below pre-injection control levels. In seven of these ten studies, an increase in Com averaging 5.2 ml per minute produced an increase in CH2O averaging 3.9 ml per minute (2.9 to 5.9 ml per minute). The further increase in Cosm in these seven experiments represented 67 per cent of the mean increment noted during the sustained phase of the meralluride saluresis. In three experiments, the administration of the nonspecific solute diuretics did not produce a distinct increase in CH2O. In these three subjects (J.S., A.R. and E.G.) CH20
had fallen below pre-injection control levels before the major portion of the meralluride diuresis occurred.
DISCUSSION
These experiments help to explain why some observers have noted a consistent increase in CH20 G.C. after the administration of meralluride in man (7, 8) . The prompt increase in free water clearance appears to be transient in nature and is associated with a modest solute diuresis. The subsequent, more sustained and greater solute diuresis occurs predominantly without an increase in CH2o. The specific changes observed in free water clearance will therefore depend on whether the early or delayed phase of meralluride response is subjected to analysis.
The similarity between the immediate response to the administration of meralluride and that produced by an equal quantity of aminophylline suggests that the first phase of meralluride diuresis represents a theophylline effect (Tables I and II; Figure 1 ). Prompt increases in the rate of salt and water excretion have been described after the intravenous administration of xanthine diuretics in man (23, 25) . Assuming that theophylline produces an abrupt but transient increase in the quantity of isosmotic fluid escaping proximal tubular reabsorption, CH2O would be expected to rise as a major fraction of this additional solute load is absorbed in the early distal tubule. Similar experiments performed in this laboratory with nontheophylline-containing mercurials do not reveal this transient first phase (26) .
The second phase of meralluride diuresis is characterized by a relatively constant CH2o at or, less frequently, below control levels during the development of a more pronounced solute diuresis (Tables II-IV ; Figures 1-4) . It does not appear that this sustained saluresis can be explained by a primary proximal tubular action of meralluride. In the control studies presented here (Table I ; Figure 1 ), the infusion of mannitol, sodium sulfate, urea and aminophylline has consistently increased C1120 as Cosm rises through a range comparable to that observed during the second phase of meralluride diuresis. Micropuncture studies have also demonstrated the capacity of the distal tubule to absorb considerable quantities of an additional load (16) . Nor can the sustained phase of meralluride diuresis be attributed to an action primarily at the water-clearing segment of the distal tubule. The inhibition of salt absorption at this site would be expected to reduce CH20 as the solute clearance increased. This fall in CHO might be partially obscured by the more distal absorption of a fraction of this excess salt or by the influence of the increased salt concentration in diminishing subsequent back diffusion of water (27) . However, it is likely that as salt excretion increased, some relation between the changes in Cosm and CH20 would obtain. No such relation was observed in these studies. It seems warranted, therefore, to conclude that the sustained phase of meralluride diuresis may not be attributed to a major action solely at the proximal tubule or at the waterclearing segment of the distal tubule.
The characteristics of the delayed phase of meralluride diuresis could be explained by a balance of depressive effects on salt absorption in the proximal tubule and in the water-clearing site of the distal tubule. Specifically, meralluride would limit salt absorption at the latter site to approximately that rate in operation during the control period. The simultaneous inhibition of proximal salt and water absorption would then permit the rejected isosmotic fluid to pass through the distal tubule as if the latter were an inactive conduit.
Although such a balance of effects would explain much of the observed data in which CH20 remained at control levels as solute excretion rose, this hypothesis is difficult to defend. If the major portion of the saluresis is derived from the proximal tubule, the salt concentration of the fluid reaching most of the distal tubule would rise progressively. It would be anticipated that a variable fraction of this additional load would be absorbed distally, thereby increasing CH2,O In addition, a rise in distal tubular salt concentration would be expected to limit back diffusion of water (27) , also tending to increase CH2O. In support of these predictions is the observation that during this phase of meralluride diuresis, the administration of a nonspecific solute diuretic usually augmented CH2o (Tables III and IV ; Figure 4 ).
Finally, it is conceivable that a progressively greater inhibition of salt absorption at the waterclearing site coincident with proximal inhibition would counterbalance the factors tending to increase CH20 later in the distal tubule. This hypothesis would demand that two opposite effects consistently neutralize each other's influence on CH2o at varying rates of solute excretion.
Therefore, the possibility that the sustained phase of meralluride diuresis is explicable by a balance of proximal and distal effects, while not excluded, presents serious limitations. It seems in order to consider an alternate explanation for these findings.
The relative independence of CH2O during the development of the meralluride-induced saluresis suggests that this agent may alter the rate of tubular salt and water reabsorption at a site distal to the water-clearing segment of the distal tubule.
Such a hypothesis would explain the relative constancy of the C[20 regardless of its precise level at the onset of the diuresis, since free water would be generated proximal to the major site of meralluride action. This hypothesis would be consistent with the rise in CH2O observed when nonspecific solute diuretics sweep more absorbable solute into the water-clearing segment of the distal tubule.
In the several experiments in which CH20 fell below control levels prior to the onset of the major fraction of the salt diuresis (Table II; Figure 3 ), an additional earlier modest restriction on salt absorption in the water-clearing site would be im-
This alternate explanation of the meralluride diuresis also presents serious problems. The similarity between the increment in Cosm and V during the development of this diuresis (relative constancy of CH2o) would demand that salt and water be absorbed in approximately isosmotic proportions at this late distal site, despite the absence of ADH. Micropuncture studies suggest that the segment of the distal tubule least permeable to water extends from the tip of the ascending loop of Henle to the beginning of the distal convoluted tubule (15, 16, 28) . It is probable that this is the segment of the distal tubule in which free water is formed. The proposed site of isosmotic salt and water absorption would then have to be beyond the beginning of the distal convoluted tubule.
Micropuncture data in hydrated animals which might be used to support or negate this hypothesis are sparse. Those which are available show that tubular fluid tonicity promptly falls to half that of plasma in the early distal tubule (15) . It remains at that level until, at a more distal area, tubular fluid tonicity again falls progressively, approaching the ultimate concentration of urine or approximately one-fourth that of plasma (15) . While it has been assumed that this further dilution is due to the continued extraction of salt at a water-impermeable segment, a comparable degree of dilution could be reached by extracting isosmotic fluid from a dilute tubular fluid. It is difficult to envision a process by which salt and water are absorbed late in the distal tubule in approximately isosmotic proportions from a variably dilute parent fluid. The only isosmotic absorptive process thus far demonstrated by micropuncture has been localized within the proximal segment. In this instance, the fluid from which absorption takes place is likewise isosmotic. Net movement of water is assumed to be dependent upon osmotic gradients established by active transport of solute across a freely permeable membrane. Were such a membrane present distal to the site at which free water is formed, it would be difficult to explain the persistent hypotonicity of the urine. Therefore, the hypothetical process suggested here sequent solute diuresis did not enhance CH20 (27) , these observations would also suggest that the solute diuresis derived from a site distal to the water-clearing segment.
would have to feature a constant relation between the quantity of salt and water absorbed per unit time regardless of the intratubular salt concentration. Although some correlation between solute and water absorption has been observed in the gastrointestinal tract, frog skin and toad bladder (29) (30) (31) (32) , the exact relation remains to be elucidated.
On the basis of stop flow experiments in the dog, it has been reported that the primary action of the organomercurials is localized in the proximal tubule (11, 12) . However, the use of this method to evaluate proximal changes is subject to considerable doubt. The alleged proximal effect may be due to the subsequent influence of altered distal tubular function as the proximal fluid passes this latter site when flow is resumed. A reduction in distal tubular activity might be obscured by the prolonged contact between the distal tubular fluid and the adjacent tubular wall. Furthermore, as with other mercurial effects, it is possible that a species difference exists in the site of inhibition of salt absorption between man and dog.
In summary, two alternate hypotheses are presented to explain the delayed phase of the meralluride diuresis. One demands a unique balance of proximal and distal tubular effects. The other places the major action in a segment distal to the water-clearing site, assuming that salt and water are absorbed in relatively isosmotic proportions at this segment. Although the latter hypothesis explains the observed facts more completely, it demands the existence of a process which has not been demonstrated. SUMMARY 1. In control studies in hydrated subjects it was demonstrated that the infusion of a "nonspecific solute diuretic," such as mannitol, sulfate, urea or aminophylline produced a consistent increase in CH2o as Cosm rose.
2. In 21 comparably hydrated subjects, the intravenous administration of meralluride caused a two-phase response. The first phase was characterized by a prompt increase in V, CH20 and Cosm with peak increments averaging 5.9, 4.4 and 1.5 ml per minute, respectively. These changes tended to disappear within 45 to 60 minutes. Thereafter, there occurred a much larger and more sustained diuresis. In 17 of these subjects, the peak increments in V and Cosm averaged 8.9 and 9.2 ml per minute, respectively, so that CH9O values during this maximal diuresis were virtually identical with those calculated during the pre-injection control periods. In four of these subjects, CH2O fell to levels below control values immediately prior to the development of the major portion of the solute diuresis, but again remained relatively fixed during the saluresis.
3. In 10 of the 21 subjects described above, a nonspecific solute diuretic was administered during the delayed phase of meralluride diuresis. In seven of these experiments, a further increase in COsm, averaging 5.2 ml per minute, produced an average increase in CH2O of 3.9 ml per minute.
4. The first phase of meralluride response seems best explained by the theophylline contained within meralluride. Two alternate hypotheses are presented to explain the characteristics of the sustained phase of nmeralluride diuresis.
